sector should display reduced susceptibility to Hpa, accompanied by elevated SA signalling. Accordingly, 170 we observed that the jar1 mutant displayed reduced sporulation by a virulent Hpa isolate (Fig. 1B) . JAR1 171 encodes an enzyme that conjugates JA to Ile (Staswick & Tiryaki, 2004) ; thus, biosynthesis of JA-Ile is 172 genetically essential for full Hpa virulence, similar to bacteria (Laurie-Berry, Joardar, Street, & Kunkel, 173 2006) . A similar but weaker phenotype was exhibited by the jin1 mutant that affects the JA-responsive 174 transcription factor MYC2 (K. Kazan & Manners, 2013) and the JA biosynthesis mutant dde2 (von Malek, 175 van der Graaff, Schneitz, & Keller, 2002) . All three mutants displayed enhanced plant cell death around
176
Hpa infection structures, compared to the wild type Col-0 ( Fig. 1C ). jar1 and jin1 exhibited elevated 177 expression of the SA marker gene PR-1 ( Fig. 1D ), suggesting that removal of JA signalling in these 178 mutants leads to de-repression of SA-mediated immunity. These results establish that, by genetic criteria, 179 the JA signaling sector is necessary for full Hpa virulence and negatively regulates host immune 180 responses, consistent with the hypothesis that Hpa manipulates JA signaling to promote virulence.
181
The AtPPIN1 database identifies a link between an Hpa RXLR protein and a negative regulator of JA-182 responsive genes: To identify potential mechanisms through which Hpa could manipulate JA signalling,
183
we examined the Arabidopsis Plant-Pathogen Interactome database (AtPPIN1) that documents putative 184 targets of Hpa RXLR effectors identified by yeast two-hybrid screens (Mukhtar et al., 2011) . We examined 185 the AtPPIN1 dataset specifically for interactions between Hpa RXLR proteins and plant proteins that are 186 linked to the JA signalling sector. We found only one direct connection, involving the Hpa effector et al., 2011) . We reproduced this result using assays for pathogen fitness (sporulation, Fig. 2A ) and 192 growth in planta (measured by qPCR, Fig. 2B ). The enhanced growth and fitness of Hpa in a jaz3 null 193 mutant indicates that the HaRxL10-JAZ3 interaction is biologically relevant for Hpa virulence. 
227
JAZ3 interacts with HaRxL10 in yeast and is genetically essential for basal resistance to Hpa: In directed 228 yeast two-hybrid assays we confirmed that HaRxL10 interacts with JAZ3 in yeast ( Fig. 3A ). HaRxL10 also 229 interacts in yeast with JAZ4 and JAZ9 but not JAZ1, 2, 6, 10, or 12 ( Fig. 3A ). RxL10 and COI1 do not 
233
Because HaRxL10 interacts with JAZ4 and JAZ9, we tested the effect of previously validated loss-of-234 function mutants of these genes to determine their role during infection. We challenged jaz4 and jaz9 235 mutants, along with a jaz3/jaz4/jaz9 triple mutant, with virulent Hpa. We observed no enhanced virulence 236 of Hpa in the jaz4 and jaz9 single mutants ( Fig. 2A, B) . The triple mutant supported enhanced Hpa 237 sporulation relative to wild-type Col-0, but the amount of sporulation was not significantly enhanced 238 compared to the jaz3 single mutant ( Fig. 2A ). Vegetative growth in the triple mutant varied but was 239 generally equivalent or less than the amount of growth supported in the jaz3 single mutant. These results 240 indicate little or no effect from the jaz4 and jaz9 mutants ( Fig. 2B ). Thus, by genetic criteria, JAZ3 plays a 241 major role in basal resistance to Hpa, and we focused our subsequent experiments on JAZ3.
242
JAZ3 interacts with RXL10 in vitro and in planta: We confirmed that HaRxL10 interacts with JAZ3 in an in 243 vitro co-immunoprecipitation assay, suggesting that the proteins can bind directly to each other in the 
271
Genetic evidence that the HaRxL10 effector activates JA signalling: As described above, bacterial 
286
invasion/growth defect of the corstrain was also partially rescued when HaRxL10 was expressed from a 287 plant transgene in stably transformed Arabidopsis Columbia (Col-0) plants ( Fig. 5D ). Similar to COR,
288
HaRxL10 did not enhance virulence when bacteria were inoculated directly into the apoplast by syringe 289 infiltration, indicating that the virulence-promoting effect in the spray assay was due to interference with 290 stomatal defence. In comparison, HaRxL10 did not enhance the virulence of wild-type Pst DC3000 and 291 only slightly increased the virulence of the Pst DC3000 ΔCEL mutant ( Fig. 5E ), which contains a genomic 292 deletion that removes three Type III effectors in the conserved effector locus (CEL) that promote virulence 
304
Moreover, HaRxL10 did not promote virulence of the cormutant when bacteria were injected into the leaf 306 apoplast, as was previously demonstrated for COR ( Fig. 5F ). This specificity suggests that the 307 mechanism by which HaRXL10 promotes virulence is more similar to that of COR than to the Type III 308 effectors encoded in the CEL. Additionally, the JA marker gene pdf1.2 is constitutively induced in 309 uninfected Col:35S-HaRxL10 (Fig. 5G ), demonstrating that transgenic expression of HaRxL10 is 310 sufficient to activate JA responses, even in the absence of pathogen infection. Together, these 311 experiments indicate that the mode of HaRxL10-dependent virulence is similar to that of coronatine.
312
RxL10 targets JAZ3 for proteosomal degradation: Because loss of JAZ3 is sufficient to enhance 313 susceptibility to virulent Hpa ( Fig. 2A, B ) (Mukhtar et al., 2011) , we hypothesized that HaRxL10 degrades 314 or otherwise nullifies JAZ3 to promote virulence. Accordingly, JAZ3-YFP abundance was substantially 315 reduced by co-expression with HaRxL10 in N. benthamiana, albeit to a lesser extent than when leaves 316 expressing JAZ3-YFP were treated with 10mM methyl jasmonate ( Fig. 6A, B ). In Arabidopsis, abundance 317 of transgenically expressed YFP-JAZ3 was reduced during colonization by virulent Hpa (Fig. 6C ). JAZ3-
318
The HaRxL10-dependent destabilization of JAZ3 in N. benthamiana is reversed by the addition of 319 proteasome inhibitor MG132 in vivo (Fig. 6D ). These data indicate that HaRxL10 targets JAZ3 for 320 degradation by the 26S proteasome. 
359
HaRxL10, while ICS1 transcript abundance is reduced (Fig. 7) . Finally, basal transcript abundance of PR-360 1 is reduced in uninfected Col:35S-HaRxL10. These data indicate that expression of HaRxL10 is 361 sufficient to activate the same downstream cascade that mediates JA-SA antagonism triggered by COR.
362
Similar effects of HaRxL10 overexpression on each of the six genes were seen in infected plants:
363 transcript abundance of ANAC019, ANAC055, ANAC072 and SAGT1 was elevated in Col:35S-HaRxL10 364 compared to control plants (Fig. 8) , while the abundance of ICS1 and PR-1 transcripts were reduced.
365
Importantly, the jaz3 knockout mutant was similar to Col:35S-HaRxL10 in its effects on all six SA-366 associated genes (Fig. 8) . Moreover, overexpression of JAZ3 had the opposite effect: transcript 367 abundance of ANAC019, ANAC055, ANAC072, and SAGT1 is reduced in Col:35S-JAZ3, while PR-1 and 368 ICS1 transcripts are elevated (Fig. 8) . Together, these results establish an important role for JAZ3 in 369 regulating the JA-SA crosstalk, and demonstrate that, remarkably, HaRxL10 phenocopies the 370 downstream effects of COR, and of a jaz3 knockout, on the SA suppression cascade.
371

DISCUSSION
372
Pathogens face a considerable challenge in avoiding or supressing the host plant's immune responses.
373
The plant immune signalling network is underpinned by substantial "cognitive diversity" (Dangl, 1993) pests successfully exploit host plants (Michelmore et al., 2017) . In this report, we provide evidence for a 390 novel mechanism through which an oomycete can manipulate JA-SA antagonism: HaRxL10 is secreted 391 by Hpa into Arabidopsis cells, wherein it traffics to the nucleus and directly engages the JAZ3 392 transcriptional repressor protein to directly or indirectly trigger its degradation by the 26S proteasome.
393
This activates a signalling cascade, involving transcriptional regulation of and by three NAC genes, that 394 attenuates signalling through the SA sector (Figure 3-figure supplement 1) . Attenuation of SA signalling is 395 advantageous for Hpa, because SA-dependent signalling is a key aspect of immunity against biotrophic 396 oomycetes. Treatment with exogenous SA is sufficient to induce resistance against oomycetes, and 397 experiments with SA biosynthesis and signalling mutants have demonstrated that SA is often genetically 398 necessary for NTI against avirulent oomycete strains, for basal resistance that limits the growth of virulent 399 strains, and for systemic acquired resistance to limit the spread of the pathogen (Klessig et al., 2018;  400 McDowell & Dangl, 2000) . Mechanistically, SA signalling has been linked to programmed cell death which 401 is a decisive defence against biotrophic pathogens, and with activation of PR-1 for which an oomycete-402 specific resistance mechanism in sterol sequestration was recently described (Gamir et al., 2017) .
403
For these reasons, it is likely that biotrophic and hemi-biotrophic oomycetes have evolved multiple 404 mechanisms to interfere with SA-mediated signalling. This is supported by demonstrations that Hpa can 
421
Strikingly, JAZ proteins are also targeted by effectors from a pathogenic bacterium and a mutualistic 422 fungus (Gimenez-Ibanez, Chini, & Solano, 2016) . Each of these effectors impinges on different sets of 423 JAZ proteins through distinct mechanisms. The best-understood mechanism involves coronatine from P. 424 syringae, which is a structural and functional mimic of jasmonic acid. In fact, COR is actually a more 
431
This effector is a cysteine protease that directly degrades the JAZ family as a whole, independently of 432 COI1. Another P. syringae effector, HopBB1, exploits the SCF COI1 -JAZ receptor complex in a different 433 way: HopBB1 functions as an adaptor to link the Arabidopsis TCP14 transcription factor to JAZ3, thereby 434 connecting TCP14 to SCF COI1 and triggering its degradation by the proteasome (Yang et al., 2017) .
435
Additionally, HopBB1 disrupts the inhibitory interaction of JAZ3 with MYC2, leading to the activation of 436 MYC2-regulated genes. Finally, the effector MiSSP7, from the mutualistic fungus Laccaria bicolor, has a 437 completely different mode of action compared to bacterial effectors: In the interaction between L. bicolor 438 and poplar roots, this protein is secreted in arbuscules to stabilize the poplar JAZ6 protein (Plett et al., 439 2014). This represses JA-responsive genes, thereby inhibiting JA-induced defence responses that would 440 otherwise restrict fungal colonization (Plett et al., 2014) . These studies, along with our data on HaRxL10, 441 illustrate that the SCF COI1 -JAZ regulatory hub is an Achilles Heel for diverse plants, subject to co-option 442 by evolutionarily diverse pathogens that have independently evolved different mechanisms to manipulate 443 JAZ proteins to their advantage.
In this context, it is interesting to compare HaRxL10-dependent effects to those from P. syringae 445 effectors. First, HaRxL10 appears to be relatively specific: while COR, HopZ1a, or HopX1 degrade most 446 or all of the JAZ proteins, HaRxL10 binds only to JAZ3, JAZ4, and JAZ9 in yeast two-hybrid assays, and 447 our genetic experiments indicate that the interaction with jaz3 holds the highest relevance for suppression 448 of basal resistance to Hpa. This apparent specificity is similar to that of P. syringae HopBB1. As with 
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Another important question for the future is the exact mechanism through which HaRxL10 destabilizes 463 JAZ3. Our protein degradation experiments in N. benthamiana with the proteasome inhibitor MG132 464 suggest involvement of the 26S proteasome, but the HaRxL10 protein does not contain any sequence 465 motifs characteristic of E3 ligases. Thus, we hypothesize that HaRxL10 is an adapter protein that recruits 466 JAZ3 to an E3 ubiquitin ligase complex. The simplest model is that RxL10 functionally mimics JA and 467 COR by recruiting JAZ proteins to SCF COI1 . However, RxL10 and COI1 do not interact in a yeast two-468 hybrid assay (Fig. 3) . Thus, the involvement of COI1 requires further investigation. Another potential 469 mechanism for HaRxL10-mediated degradation of JAZ3 involves AtBOI1: This protein interacts with 470 HaRxL10 in yeast (PPIN1, Figure 2-figure supplement 1A) and is a RING E3 ligase that positively 471 regulates resistance to the necrotrophic fungus Botrytis cinerea (T. Mengiste et al., 2010) . Future experiments will test whether COI1 and/or BOI1 contribute to Hpa-induced turnover of JAZ3.
473
The Arabidopsis JAZ gene family is comprised of 12 members, suggestive of substantial potential for 474 functional redundancy (Chini et al., 2016) . The mechanisms that underpin general and specific roles for 475 JAZ genes are only beginning to emerge, and a specific role in oomycete immunity has not been 476 identified for any individual JAZ gene to date. Thus, one of the most striking findings of our work is JAZ3's 477 genetically unique role in resistance to Hpa. With respect to bacteria, JAZ2 has been identified as a major 478 contributor to guard cell closure in stomatal defence and appears to be the primary target of COR in 479 guard cells (Gimenez-Ibanez et al., 2017) . JAZ5 and JAZ10 cooperatively restrict COR-induced phyto-480 toxicity, and a jaz5/jaz10 double mutant displays moderately enhanced susceptibility to P. syringae (de
481
Torres Zabala et al., 2016) . jaz3 mutants do not compromise stomatal defence against P. syringae 482 (Gimenez-Ibanez et al., 2017) or display enhanced susceptibility to virulent P. syringae (de Torres Zabala 483 et al., 2016), but they do partially suppress NTI against avirulent P. syringae (Mukhtar et al., 2011) . The 484 attributes of JAZ3 that render it functionally unique in the interaction with Hpa remain to be determined 485 and will be a major point of emphasis for future studies. Interestingly, two members of the YABBY 486 transcription factor family appear to be targeted solely by JAZ3 and contribute to defence against P.
487
syringe (Boter et al., 2015) . These genes, along with MYC2/3/4 and ANAC19/55/072, provide attractive 488 leads for a more detailed understanding of how JAZ3 mediates oomycete resistance.
489
In conclusion, our study of the Hpa effector HaRxL10 has enabled identification of a new mechanism 490 through which an oomycete pathogen manipulates antagonistic JA-SA crosstalk to suppress a key 491 immune signaling sector. Another notable aspect of this work is that it illustrates how studies of pathogen One potential payoff from such research lies in developing alleles of key JAZ proteins that are resistant to 501 pathogen manipulation, as discussed in (Zhang et al., 2017) . The HaRXL10-JAZ3 interaction is a 502 promising test case for this approach, because HaRxL10 interacts only with a small number of JAZ 503 proteins, one of which (JAZ3) has a clear pathogen phenotype with no redundant effects from other JAZ 504 proteins. Importantly, to our knowledge no other unique functions have been ascribed to JAZ3 other than 505 possible roles in salt stress (Valenzuela et al., 2016) along with JA-induced anthocyanin and chlorophyll 506 loss (Boter et al., 2015) . Thus, pleiotropic tradeoffs of JAZ3 mutation could be minimal. We intend to 507 pursue these proof-of-concept experiments in Arabidopsis and to generalize the importance of the JAZ 508 hub to other oomycete pathosystems. 
509
MATERIALS AND METHODS
510
Construction of expression plasmids
548
Hpa growth assays, 10-12 day old Arabidopsis seedlings were sprayed with suspensions of 5x10 4 549 sporangia/ml. Sporangiophore counts and trypan blue staining to visualize areas of cell death was 550 performed as described (McDowell et al., 2011) .
551
RNA isolation, RT-PCR and qRT-PCR
552
Total RNA was isolated from uninfected and Hpa infected Arabidopsis seedlings using an RNeasy mini kit 553 (Qiagen). To obtain cDNA for reverse-transcription and qRT-PCR, total RNA was first treated with DNase I (Ambion) and the first strand cDNA synthesis was performed using the OmniScript cDNA synthesis kit 555 (Qiagen). Two micrograms of RNA were used as starting template material for the cDNA synthesis. 1µl 556 cDNA was used per well with SYBR Green PCR Master Mix (Applied Biosystems) in 25µl reactions. Each conjugated Immobilin Western Chemiluminescent substrate (Millipore). For JAZ3 degradation 610 experiments in N. benthamiana, 3 to 4 leaf discs, each of 0.6 cm in diameter, were collected within 16 611 hours of Agrobacterium-infiltration for protein isolation and consecutive western blotting. For YFP-JAZ3 612 assays in Arabidopsis, 10 to 11 day old seedlings overexpressing YFP-JAZ3 were challenged with 50,000 613 spores/ml of Hpa Emco5. Tissues from infected and uninfected seedlings were collected, flash frozen in 614 liquid nitrogen at the indicated time points and harvested later for protein isolation and western blotting as 615 described above.
616
In-vitro co-immunoprecipitation
617
In vitro pull-down assays were performed according to the manufacture's protocol using the Pierce® HA
618
Tag IP/Co-IP Kit (Thermo Scientific). Briefly, HA-and GST-tagged proteins were synthesized in vitro 619 using the TNT® Coupled Wheat Germ Extract Systems (Promega). For the pull-down assays, equal 620 amounts of N-terminal GST-tagged JAZ3 or GST alone and N-terminal HA-tagged HaRxL10 were 621 incubated with gentle end-over-end mixing at 4°C with 20 µL anti-HA agarose slurry (35 µg antibody) 622 overnight. Next day, the samples were washed 2 to 3 times with TBS-T (50 mM Tris-HCl, pH 7.5, 150 mM 623 NaCl, and 0.05% Tween 20). After the final wash, the samples were subjected to SDS-PAGE followed by 624 immunoblot analysis as described above using anti-GST antibody (Invitrogen). 
